Abstract-
There are various fault location techniques in the past. These methods can be divided into two main types by locating manner, This work was supported by GE (China) Research and Development Center Co., Ltd.. impedance based method and traveling-wave method [3] [4] .
Because of the particular characteristics of distribution network, traveling-wave phenomenon in distribution network is complex, which makes it is difficult to obtain wanted information in fault traveling wave. The traveling-wave method has rough fault-location accuracy. Recent researches [5] ~ [9] on impedance based methods have developed some effective techniques to improve the accuracy of fault location in distribution lines.
An approach using direct circuit analysis(DCA) is discussed in [5] and [6] , which provide a fault-location equation for phase-to-ground fault, and consider intermediate loads in radial distribution system. The method based on DCA provides accuracy result in nonsymmetrical or unbalanced distribution systems. Reference [7] proposes a fault-location equation for phase-to-phase fault later, which takes load variation into consideration. Iterative methods have been used for fault location in [8] and [9] . Reference [9] proposes and discusses an extended fault-location formulation to be used in general distribution systems. The method is based on DCA and fundamental quantities, which is capable of locating faults in distribution systems with intermediate loads and laterals/sublaterals. But iterative methods to converge at a wrong result which is influenced by initial iteration value.
In this paper, a generalized fault location formulation based on DCA is suggested. Through utilizing fault admittance matrix, a fault-location formulation has been derived by Kirchhoff formula, which is effective for distribution systems. And the paper proposes a novel fault-location algorithm to solve the fake root 978-1-4577-0547-2/12/$31.00 ©2012 IEEE problem of iterative method.
Section II discusses the details of generalized fault-location formulation and algorithm. Section III describes the details of simulations, followed by the conclusion.
II. IMPEDANCE BASED FAULT LOCATION
In the following subsection, a detailed derivation of fault-location formulation is given. Then, the paper provides the fault-location algorithm. Consider the three-phase system with a fault in Fig. 1 , the following equations are obtained by Kirchhoff law.
A. Generalized fault-location formulation
(
where 
is the load impedance matrix; f Y ; the fault admittance matrix;
x is the fault distance from the other end.
By eliminating phase current vector f I and L I in (1) ~ (3), the generalized fault-location formulation is derivate as (4)
Formulation (4) has three equations in three phases. Each equation in fault phase can be used for fault location. As Fig. 2 shows, the fault admittance matrices of all faults are as follow:
B. Fault admittance matrices
; the fault admittance matrix of LG fault
; the fault admittance matrix of LL fault
; the fault admittance matrix of LLG fault
; the fault admittance matrix of LLL fault
; the fault admittance matrix of LLLG fault.
The coefficients in formulation (4) can be calculated by the voltage and current data in substation end and relevant impedance data.
C. Fault-location algorithm
In the three-phase formulation (4), three equations can be obtained. These equations which are all in complex number form provide real part equations and imaginary part equations.
For specific fault, each equation in fault phase is available to locate fault. The unknown parameters are fault resistances and fault distance. The number of equations which can be used to locate fault point is adequate to obtain a solution by
Newton-Raphson iterative method.
The fault location procedure is as follow:
Step 1) according to a specific fault, calculate the Jacobian matrix of fault-location equations.
Step 2) choose initial fault resistance value, and initial fault distance is 0.
Step 3) obtain a solution by iterative procedure. The result must be in the limitation condition of
Step 2), and change the initial fault distance with a small increment.
Step 4) if there is not available result, the fault may be out of the section.
The proposed algorithm above is an iterative and traversal algorithm. Iterative method is fast to solve nonlinear equations, but it is susceptible by the initial value and may converge at false root. Trough traversing all value of fault distance, the algorithm eliminates the effect of initial value.
The proposed algorithm is a fault-location method for a single section, but it is also practical for fault location in general feeder by substituting the proposed single section fault-location algorithm to the same part of fault-location method in reference [9] .
III. SIMULATION STUDY
To validate the proposed method, an unbalanced three-phase system as Fig. 1 is modeled by PSCAD. The simulation results in Fig. 3 show that the proposed method has a high accuracy eliminating the effect of unbalance system and false root. The simulation results show that the estimated fault distance is unique and accurate. The results show that the fault-location method is not affected by fault resistance, fault distance and fault types.
IV. CONCLUSION
This paper proposes and discusses a novel fault-location method in distribution systems. The method is based on DCA and fundamental quantities and has good accuracy in unbalance distribution systems. Furthermore, the method is suitable for all types of fault and general feeders and overcomes the defect of iterative method, being capable to pinpoint a unique and accurate fault location. Analysis of the fault-location algorithm in general distribution network will be furthered through future work.
